A variety of virus infections are associated with a dysfunction of the phagocytic cells. Influenza viruses have been most widely studied in this respect and were demonstrated to diminish phagocytosis, intracellular killing, and chemotaxis in humans (17, 19) , guinea pigs (29) , chinchillas (1), rats (25) , and mice (15) . Impaired phagocytic cell function was observed with other viruses including Sendai virus (13), respiratory syncytial virus (8) , infectious bovine rhinotracheitis virus (11) , mumps virus (22) , herpes simplex virus (24) , and cytomegalovirus (26) .
The process of phagocytosis generates activated oxygen metabolites which are associated with the emission of light (2) . Luminol-dependent chemiluminescence (CL) is a sensitive assay for monitoring the respiratory burst of phagocytic cells (10) . Infectious influenza A and B viruses can considerably depress CL (1, 21) . Commercially available inactivated trivalent influenza whole virus, split virus, and subunit vaccines also depress CL (21) .
Phagocytic cells appear to be among the target cells for the immunopotentiating activity of biological response modifiers like synthetic muramyl dipeptide (MDP), which is the minimum structure essential for bacterial adjuvanticity (18) . Superoxide anion generation (14, 23) and zymosan-induced CL (20) (16) . Conjugation of influenza subunits to MDP. Influenza virus subunits were conjugated to MDP-L-lysine by the glutaraldehyde method (5) . Viral subunits representing 825 ,ug of HA and 7 mg of MDP-lysine were added to 0.1 M sodium bicarbonate. A 25% solution of glutaraldehyde was slowly added to a final concentration of 2.6 mM, and the reaction was allowed to proceed under magnetic stirring for 4 days at 20°C. Nonreactive reagents were eliminated from the conjugate by exhaustive dialysis against phosphate-buffered saline. Analysis of the conjugate showed that 51, 92.6, and 55.6 p,g of MDP-lysine, respectively, was coupled to approximately 100 ,g of A/Brazil, A/Bangkok, and B/Singapore subunits.
Luminol-dependent CL assay. A CL assay with spleen cell suspensions has been described previously (20) . After measurement of the background for 3 min, CL was generated by adding the viral preparations, with or without MDP, followed immediately by 10 BALB/c and C57BL/6 mice were used. A nonpyrogenic analog of MDP, murabutide (7), was added to spleen cells. Significant differences were observed in the zymosaninduced CL responsiveness of the two mouse strains (Fig.  1) . Spleen cells from BALB/c mice generated higher levels of CL than did spleen cells from C57BL/6 mice.
Effect of influenza A and B virus subunits and subunit-MDP conjugates on BALB/c and C57BL/6 cells. Viral subunits alone or coupled to MDP were added to suspensions of spleen cells from untreated mice at a dosage of 10 jig of HA.
Preliminary experiments showed that this dose of subunits exerted a highly inhibitory effect on the CL activity of spleen cells. A marked depression of CL response was induced in both the mouse strains by A/Brazil subunits (Fig. 2) . In contrast, a dramatic stimulation of CL was generated by the A/Brazil subunit-MDP conjugate. The CL activity of the A/Brazil subunit-MDP conjugate on BALB/c and C57BL/6 cells even surpassed that induced by zymosan alone. Subunits of A/Bangkok virus strongly inhibited CL response in both the strains, but the A/Bangkok subunit-MDP con- jugate stimulated CL activity which was similar to that generated by zymosan alone (Fig. 3) . Influenza B/Singapore subunits depressed CL to a similar extent as did influenza A subunits (Fig. 4) . Addition of the B/Singapore subunit-MDP conjugate stimulated a CL activity which was higher in BALB/c but similar to that of zymosan controls in C57BL/6 cells. DISCUSSION Clearance of some bacteria is closely associated with the phagocytic cells (30) . The influenza virus-induced depression of CL is limited to unseparated and phagocyte-enriched populations, but no apparent effect is found in the lymphocyte-enriched populations (21) . Depression of CL by influenza is not restricted to infectious virus, but extends to commercially available inactivated influenza virus vaccines (21) . Virus-induced dysfunction of the phagocytic cells can predispose a susceptible host to bacterial superinfection (1, 8, 13, 17, 25) . Excessive mortality from bacterial pneumonia is known to occur during influenza epidemics and is actually used as one of the nonvirologic indicators for influenza surveillance (12) . Procedures for retarding the virus-induced impairment of phagocytic cell function could have important practical implications.
Immune responses induced by a variety of natural and synthetic antigens have been enhanced by MDP. The production of antibodies to influenza virus (4, 31) and hepatitis B surface antigens (6) was increased by MDP or analogs. The results presented in this study demonstrate that the generation of respiratory burst in mouse spleen cells as measured by zymosan-induced CL is impaired by influenza virus but can be substantially improved by combining the virus with MDP. The moderate depression of CL induced by 100 HAU of infectious influenza virus could be completely overcome when the virus and MDP were added together to the cells. A higher dose, of 1,000 HAU of infectious influenza virus, induced a greater depression of the CL response, which remained below the control zymosan values even when MDP was present. This observation indicated that a more efficient mode of presenting MDP than simple addition would be necessary. Direct chemical conjugation of the viral subunits to MDP enhanced the immunostimulatory activity of the preparations so that the profound inhibition induced by high doses of influenza subunits could be overcome. In a previous study, strong antiviral responses against coliphage MS-2 could be induced when MDP was conjugated, but not when it was mixed, with a synthetic fragment of the virus coat protein attached to a synthetic polymeric carrier (3) .
Macrophages appear to be among the target cells for the immunostimulating activities of MDP, and the generation of zymosan-stimulated CL can be enhanced by MDP and analogs (20) . The configuration of the viral subunits coupled to MDP may have enabled an efficient presentation of the conjugated MDP, resulting in an amplification of the CL response by direct effect on the target cell.
Several properties of influenza A/Brazil, A/Bangkok, and B/Singapore subunits were altered after conjugation with MDP-lysine. A further finding to emerge from the present studies is that the CL responsiveness of different strains of mice to MDP can vary. Murabutide stimulated higher zymosan-induced CL activity in spleen cells of BALB/c mice than in those of C57BL/6 mice. The CL responses to influenza virus subunits conjugated to MDP were also greater in BALB/c mice than in C57BL/6 mice. These results extend the observations of mouse-strain-dependent responsiveness of MDP. In previous studies, the mitogen responsiveness of spleen cells to MDP was found to be high with BALB/c but low with C57BL/6 mice (9) . Secondary antibody responses to bovine albumin, the terpolymer of L-glutamic acid, L-alanine, and L-tyrosine, and bacterial ac-amylase were greatly enhanced in BALB/c mice but not in C57BL/10 mice (27) . In another study, macrophage-mediated cytotoxicity by MDP was augmented in BALB/c but not in C57BL/6 mice (28). Despite lower response in C57BL/6 mice, influenza subunits conjugated to MDP could stimulate levels of CL which were higher than (influenza A) or similar to (influenza B) those induced by zymosan alone.
